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Dedication 


We give thee but Thine own, 

What - e'er the gift may be: 

All that we have is Thine alone, 
A®erusGre-OnrLord: firomeThee. 


Hymn (William How) 


There is nothing for anyone to boast of. 
For we are God's handiwork, created in 
Christ Jesus to devote ourselves in the 
good deeds for which God has designed us. 


Ephesians 2:10 


lfeacmanemust thoastaniletahim boast ofithecbond. 
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Abstract 

Endotracheal Suctioning is frequently required to 
remove pulmonary secretions from the respiratory tracts of 
cratvealny tile patidentsr The suction procedure however, 
may place the patient at risk for hypoxemia. The purpose 
of this study, therefore, was to assess the efficacies of 
four endotracheal suction protocols in reducing or 
preventing suction-induced hypoxemia. 


The sample for this study consisted of 24 intubated and 


ventddeateds’ “erat icaldy -idledadultes patients. A two-way 
(Protocol x Time) within subjects counterbalanced 
experimental design was used. Each subject was exposed to 


Bui, Cour esuctionks protocolso: and) «durinows each protocols 
dependent variables were measured at six time intervals 
(prebaseline, baseline, and 0, 60, 120, 180 seconds after 
Suctioning). Therefore, 24 measureS were obtained on each 
dependent variable for each subject. 

Suction Protocol I was the hospital ICU suction 
procedure, which reflected standard criteria for suctioning. 
Protoeoistaiy, lil and 1V were identical to Protocol I except 
for the-)addition of  thyperinflations. The time of 
administration of the hyperinflations differed for Protocols 
Mstogiive Protocol II hyperinflations occurred before 
Stc#wonings Protocol. lll hyperinflations “occurred “aiter 
Suctioning; and Protocol IV hyperinflations occurred before, 
between and after suctioning. A hyperinflation was 


defined at 1.5 times the tidal volume setting on the 
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patient's volume control ventilator. The following 
dependent variables were of interest: heart rate; partial 
pressure of oxygen (Pa02); saturation of oxygen (Sa02) 
calculated from Pa0Q, and blood pH as _ well as measured 
directly with an ear oximeter; and the transcutaneous 
partial pressure of oxygen (tcP02). 

Analysis of Pal. data demonstrated significant Protocol 
and Time main effects and a significant Protocol x Time 
interaction. Significant Time effect and Protocol x Time 
interaction were also found for calculated Sa0>. These 
data indicated that Protocol IV was most effective in 
guarding against sSuction-induced hypoxemia since Pa02 was 
high compared to the other protocols. The real value of 
the hyperinflation procedure in Protocol IV seemed to be the 
repeated hyperinflations (before, between and after 
Suctioning). Heart rate generally was not sensitive to 
the same effects. 

Other analyses demonstrated high positive correlations 
between calculated Sa0; and ear oximeter Sa0Q2z and between 
Pa0Q. and tcP0>2. 

[nithisystudy? the,implicattons! "of . hyperinflations,” in 
protecting the patrent palit Suction-induced hypoxemia were 
discussed and suggestions regarding nursing practice were 


offered. 
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beesintroduction 

Endotracheal Suctioning is frequently required to 
remove pulmonary secretions from the respiratory tracts of 
Grraitcall y ill patients. In the intensive care unit 
GixAGeUia)l itiarkcs-erthe! trurseiciwhol che heresponsiblée fomierhh) 
assessing the need fomipeendotrachealen suctioning, 1962) 
executing the procedure, and (3) evaluating the outcome 
(Grossbach-Landis, 1979). Since suctioning removes air 
(oxygen) as well as secretions it should not be regarded as 
a benign nursing procedure. 

When the partial pressure of oxygen (PaO,) in the 
arterial blood falls well below normal, as it can with 
Suctioningascomplications such as cardiac arrhythmias “and 
death may occur (Shim, Fine, Fernandez & Williams, 1967; 
Skoanw 1950:):.ecThose hipatwents: at:cirisk fer) the  cuntoward 
effects of suctioning include those who have: (1) a PaO, 
less than 70 mm Hg and, (2) those who are in generally poor 
condisaxon (hypotension, acid-base imbalance, 
arrhythmias) (Jacquette, 1971). 

Using these risk criteria, it is apparent that many 
I.C.U. patients would qualify as "high risk" candidates for 
the untoward effects of suctioning. Taylor and Waters’ 
1971) “study “supports «this notion-~ as patients with 
cardiovascular and/or respiratory abnormalities experienced 
Significantly greater drops in PaO, with suctioning than 


those with normal cardiopulmonary systems. 
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On the basis of research several guidelines regarding 
Suctioning have been implemented into nursing practice. 
These include aseptic technique (Demers & Saklad, 1973), 
duration ObNS SUceIOndngi wCBoutros,of4970), er rationrofekthe 
external diameter of the suction catheter to the internal 
diameter of the endotracheal tube (Rosen & Hillard, 1962) 
and preoxygenation of the patient (Harken, 1975). However, 
studieS on suction procedure variables have failed to 
pinpoint one specific suction method that consistently 
prevents Or minimizes Suction-induced hypoxemia (the 
decrease in PaO; associated with suctioning). Hence, a 
variety of suction procedures are evident in the clinical 
setting today. 

The range of options available to nurses at the bedside 
can be observed in the various methods used to oxygenate 
patients Ordon to Suctioning. These include 
hyperventilation, bagging, hyperinflation, Sighs and 
increasing the fractional concentration of oxygen (FIO2). 

Furthermore all combinations of these manoevers are 
practiced without assessment of their effectiveness. 
Theres*is “little doubt that the endotracheal 
Suctioning, procedure .inh. critically 111 patients 


needs to be examined in well-designed research 
Studies (Adlkofer, 1978, p. 1014). 


A. Purpose of the Study 

The focus of this study was suction-induced hypoxemia. 
The purpose. ‘of . this study was Eo investigate the 
effectiveness of endotracheal suction protocols in reducing 


Gor preventing suction-~induced hypoxemia vin intubated» 1C.U. 
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patients. The questions of interest were: (1) Would 
hyperinflations prevent Or minimize Suction-induced 
hypoxemia? (2) If so, would it make a difference when the 
hyperinflations were delivered (before, after or throughout 
suctioning)? 

Several of the terms appearing in the literature review 


are defined below. 


B. Definition of Terms 


1. Endotracheal suctioning refers to a’ routine nursing 


procedure executed on intubated patients. It involves 
Passings. .a-1SUCEION catheter into -cans oral Moreenasal 
endotracheal tube or a tracheostomy tube for the purpose 
of aspirating secretions thereby maintaining airway 
patency. 

2. Hypoxemia «(refers toe a decreased) oxygen tension in the 
blioed) (Hunter ,j «l98:1).) AePaOe of 55 tho 60 imm Hg isiioften 
used as a cut off value for treatment of hypoxemia 
(Rokosky, 1981). 

.. Hypoxsam refers aio wed defacilencys, of oxygen in a 
nonspecified areay . ithat omsyeh tresuen hypoxrva altoxngan 
hypoxia, or hypoxia generalized to the ‘entire: s;organism 
(Brannim = 019749). 

4, Arterial line refers to an indwelling catheter inserted 
in an artery for the purpose of obtaining blood samples 


conveniently, without the need for frequent arterial 
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puncture. 

Arterial blood gas (ABG) refers to the analysis of a 
sample of heparinized arterial blood for PaOz, the 
partial pressure of carbon dioxide (PaCO,) and the pH. 
The saturation of arterial blood with 6O,(Sa0>) will  <be 
calculated from PaO:;, pH and patient temperature. 
Saturation of oxygen (Sa0O,) refers to the percentage of 
oxygen bound ae hemoglobin (Hunter, 1981). An oxygen 
Saturation of 90 to 93% represents a critical range 
below which severe arterial hypoxemia may rapidly occur 
because of the steep slope of the oxyhemoglobin 
dissociation curve below this range (Downes & Wilson, 
1961). 

FIO, refers to the fractional concentration of inspired 
oxygen.  Room=<arr has an FIO; of (0.21. 

Tidal volume (VT) refers to the volume of gas inspired 
or expired during the normal respiratory cycle. Normal 
trdakbevolume:is calculated to bewsstos.7, mivkg. (Hunter, 
boo es In acutely ill ventilated patients the VT is 
often 10 ml/kg ior more’. 

Alveolar-arterial gradient  (AaDO;2) refers to the 
difference between the oxygen tension of the alveolar 
air and the PaO, once respiration has taken place 


(daecgquerte, 19741). 


hanes On letpaohUnbIngerTel eres toua Conapricon that soccurs 


when there are large areas of the lung that are not 


ventilated (because of atelectasis, pulmonary edema 


etc.) and yet continue to have normal blood flow. 
Therefore blood leaving the lung through the pulmonary 
veins has an O,-content the same as that in the 


pulmonary arteries (Robertson & Guzzetta, 1976). 


II. Review of the Literature 
Research findings related to the focus of this study 


are discussed in this chapter. The two main areas of review 


concern the physiological sequelae of endotracheal 
Suctioning (the hypoxemic response, suction and the 
hypoxemic response, suction and trauma ) and suction 


procedure variables, specifically hyperinflations, which are 


thought to minimize the adverse effects of suctioning. 


A. Physiological Sequelae of Endotracheal Suctioning 

The literature indicates that tracheal suction results 
in hypoxemia thereby exposing the critically ill patient EO 
certain risks as well as benefits. The following review of 
the sequelae of endotracheal suctioning is summarized 


graphically in Figure 1. 


The Hypoxemic Response 

The removal of intrapulmonic gases during suctioning 
results in alveolar hypoxia and a subsequent fall in 
arterial oxygen tension. The chemoreceptors in the carotid 
ance waont cof bodies: si sensingasa pdropy inumPadsee respond by 
increasing the depth and frequency of respiration 
(Mountcastle, 1974). This reflex serves to rid the body of 
CO,. Pulmonary vasoconstriction will occur in response to a 
decrease in alveolar oxygen tension (PAO,) thereby 
restricting perfuSion to unventilated lung segments and 


increasing pulmonary artery pressure (Pirlo, Benumof & 
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Trousdale, 1981; Simbruner, Coradello, Fodor, Havelec, Lubec 
Baro blak e198 +): 

In the peripheral circulation however, there occurs a 
vasodilation as the body attempts to deliver available 
oxygen to the tissues. It has been observed also that more 
pulmonary capillaries are perfused during hypoxia than 
normoxia. The reason for this is that airway hypoxia causes 
an increase in pulmonary artery pressure which in turn 
causes pulmonary capillary recruitment for the purpose of 
increasing the gas exchange surface (Capen, Latham & Wagner, 
1981). 

Once the chemoreceptors have been Stimulated, 
epinephrine is released by the sympathetic nervous’ system 
causing an increase in heart rate, blood pressure and 
cardiac output (Brannin, 1974; Mountcastle, 1974). Dripps 
and Comroe (1947) found that an increase in pulse rate was a 
more sensitive index of hypoxemia than an increase in 
respiratory minute volume. 

If hypoxemia persists systemic hypoxia may ensue 
(Demers, 1982). Cerebral hypoxia will result in progressive 
depression of central nervous system functions, namely; 
dizziness, euphoria, sensory disturbances, muscular weakness 
and ultimately unconsciousness (Mouncastle, 1974). 
Myocardial hypoxia increases cardiac irritability and causes 
a resetting of the natural pacemaker (premature 
contractions, nodal rhythms). Such arrhythmias may develop 


into bradycardia and asystole (Jacquette, 1971). 
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Suction and the Hypoxemic Response 

Since secretions block alveolar ventilation and 
promote shunting oye venous blood into the arterial 
SySstem,Oa wvasecinsartersalgrPO>s ashould followsethe 
removal of mucous. However, when the conventional 
Suctioning techniques are used, arterial PO, i185 
lower during and after suctioning than it is at the 
pre-suction levels (Jacquette,' 1971, p.i2362). 

Studies of humans have found a mean drop in PaO, from 
pre-suction levels of 35 mm Hg during suction (Bodai, 1982), 
38 mm Hg immediately post-suction (Urban & Weitener, 1969), 
and 33 mm Hg thirty seconds post-suction (Skelley, Deeren & 
Powaser, 1980). 

As expected there was a concomitant fall in SaO2z with a 
drop in PaO, (Boba, Cincotti, Piazza & Landmesser, 1959; 
Kergin, Bean & Paul, 1948). These data establish that 
suctioning does indeed disrupt ventilation and induce 
alveolar hypoxia and hypoxemia. 

Several authors have documented sustained falls in PaO, 
associated with suctioning. Skelley, Deeren and Powaser 
(1980) along with Taylor and Waters (1971) noted that three 
minutes after suctioning, their subjects’ PaO, Sead 
remained below pre-suction values. This occurred despite 
the fact that subjects were mechanically ventilated during 
the post-Ssuction period. Similar research done on dogs 
indicated a fall in PaO, persisting up to at least 5 minutes 
post-suctioning (Naigow & Powaser, 1977). 

The mechanism behind this prolonged drop in PaO, 


remains a matter of speculation. Some authors suggest that 


PaO, values remain low after suctioning because the negative 
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alrway pressure gives rise to atelectasis (Rosen & Hillard, 
HSEOFt F9E2)% Brandstater and Muallem (1969) reported that 
Suctioning of newborns caused areas of lung collapse which 
persisted for up to thirty minutes. Mechanical ventilation 
for 30 minutes, at pre-suction settings, did not reinflate 
atelectic areas post-suction. 


What ehappens Site ta spcollapsedBtiung cGewhichedis nh not 


reinflated is a matter of conjecture. Some areas 
may open slowly over a period of hours’ unless 
repeated suction adds injury to insult. Other areas 


may remain collapsed, and the next likely event is 
infection and pneumonia (Brandstater & Muallem, 

PSE9tep e472). 

Those who refuted the position that negative pressure 
is responsible for the fall in PaO, have cited studies 
eComparsyng sapneas- with (suction 4. “Boba, -Cincottis eeiazza & 
Landmesser, 1959; Downes, Wilson & Goodson, 1961; Ehrhart, 
Hofman &- Loveland, 1981). These researchers found no 
Significant difference between comparable periods of apnea 
and suction with respect to» Sa0O, and PaO,. Boutros (1970) 
however documented that ten seconds of Suction did result in 
a Significantly greater drop in PaO, than ten seconds of 
apnea. 

It has been suggested that the discrepancy between 
these findings may be attributed to the sensitivity of 
oxygen measures monitored in the four studies. Boutros 
(1970) and ehrhnart etoal.. (1981) measured. PaO- wheras Boba 
et als. 9 4(1959) and: Downes et al. (1961) measured Sa0-] which 
will change very little as PaO, decreases from 100 to 60 mm 


Hg. Differences among the findings might also be attributed 
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EOmasuctaonmcatheter: sizer Downesieteal: I 196%) dad. not 
report catheter size but in the study done by Boba et al. 
(1959) the ratio of the inner diameter of the endotracheal 
tube to the outer diameter of the suction catheter was 2.1:1 
compared with 2:1 in the study by Ehrhart et al. (1981) and 
ie Cchivemnedives Study sbys:Boutnost a n9700.. 
The average subatmospheric pressure developed in the 
lungs during suction increases as this ratio 
decreases and the development of a more 
Subatmospheric pressure increases the liklihood of 
atelectasis and reduction of total O2, volume in the 
lungs (Ehrhart, Hofman & Loveland, 1981). 

Investigations into the mechanisms responsible for the 
SuStained fall in PaO, after suctioning have yielded some 
interesting results. It has been shown that insertion of a 
catheter alone, without suction, will cause a drop in PaO, 
and SaO2, similar to that seen when suction is applied (Boba, 
Cincotti, Piazza & Landmesser, 1959; Woodburne & PowaSser, 
1980). These authors attributed theirs findings weeo 
respiratory reflexes. 

Mechanical irritation of the tracheobronchial tree by a 
suction catheter may stimulate vagal receptors. Thea cough 
reflex is entirely vagal and is accompanied by 
broncho-constriction, bradycardia and a transient rise in 
intrathoracic pressure (Demers, 1982; Harken, 1975: 
Mountcastle, 1974). Research done on paralyzed artificially 
ventilated cats indicated that stimulation of the laryngeal 
tracheobronchial regions causes an increase in total lung 


resistance (Nadel & Widdicombe, 1962)> reflex 


tracheo-bronchoconstriction and an increase in systemic 
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blood pressure (Tomori & Widdicombe, 1969). Inman, as_ in 
cats, Stimulation of the lower airway produces an arterial 
pressor response and tachycardia (Corbett, Kerr, & 
Prys-Roberts, 1968). 

Reflexes related to tracheal stimulation and _ enhanced 
by hypoxemia may result in cardiac arrhythmias. There are 
several reports of sudden cardiac death during a period of 
Suctioning reported in the literature (Keown, 1960; Marx, 
Steen & Arkins, 1968; Schumaker & Hampton, 1951). The vagal 
effect by tks however does not cause cardiac arrest. It 
appears that some degree of hypoxia must be present along 
with vagal stimulation (Ayres & Grace, 1969; Sloan, 1950). 

Katz “and associates (1981) measured SaO; and. monitored 
the electrocardiograms of fifty patients during fiberoptic 
bronchoscopy. Forty percent of the subjects developed major 
disturbances of cardiac rhythm and these arrhythmias were 
most frequently associated with periods of maximum oxygen 
desaturation. In another study the incidence of transient 
cardiac arrhythmias was Significant during tracheal 
Suctioning while the patients were breathing room air. 
However, when these same individuals were given 100% oxygen 
prior to the suction procedure no arrhythmias occured (Shim, 


Fine, Fernandez & Williams, 1969). 


Suction and Trauma 
As the amount of negative pressure applied during 


Suction increases so too does the damage done to the 
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respiratory tract. Kuzenski (1978) suctioned two dogs once 
every fifteen minutes over a period of four’ hours. The 
first dog waS suctioned with -100 mm Hg pressure and on 
autopsy the trachea showed areas of denuded epithelium, 
leukocytic infiltration and edema. The trachea of the 
second Fdog, Mmsuctioned at —200. mm Ho». indicated more 
extensive damage including loss of cilia and submucosal 
involvement. 

Destruction’ of ciliated Sieprtheliwum bby)» thert‘suction 
catheter suppresses mucous clearance thereby predisposing 
the titracheobronchial)) trees tom infection (Sackner, Landa, 
Greeneltch & Robinson, 1973). Damage to the mucous’ glands 
in the submucosa will cause a decrease in mucous secretion 
and diminished protection from tracheobronchial irritants 
(Kuzenski, 1978). 

In one study, conducted on kittens, it was demonstrated 
that tracheal ulceration occurred three hours after suction 
commenced (Thambiran, 1966). Trauma was also evident with 
catheter insertion alone and with suction pressures as low 
as 50 mm Hg. Hilding (1964) has shown that light stroking 
Of “Mexitiirpaitediy tracheatt with’ Ga icotton swab causes complete 
exfoliation of the columnar layer over a period of 1 to 24 
hours. 

In clinical practice trauma would be expected to be 
greater than in the laboratory studies because intubated 
patients are subjected to frequent suctioning for periods 


ranging from days to weeks. After evaluating four suction 
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catheters, of different design, Jung and Gottlieb (1976) 
concluded that "mucosal trauma with Suctioning procedures is 
more likely due to repetition, vigor, and amount of suction 
applied, regardless of which type of catheter is used" (p. 


(iio oe 


B. Suction Procedure Variables 

Several factors have been thought to influence the 
degree of hypoxemia induced by endotracheal suctioning, 
namely: 

the the duration of appkied suctiominGBoutrtes, 61970. 
Woodburne & Powaser, 1980); 

2. the magnitude of suction pressure and flow (Kuzenski, 
1978; Rosen & Hillard, 1960, 1962; Rux & Powaser, 1979; 
Thambiran & Ripley, 1966); 

3. the ratio of suction catheter size to endotracheal tube 
size (Demers °&- Saklad, 1973: Rosen & Hillard, 1960, 
1962); 

4Asstthe design of the suction ‘catheter (Jung &! Gottlieb; 
1976; Landa, Chapman & Sackner, 1980; Link, Spaeth, 
Wahle, Penny & Glover, 1976; Sackner, Landa, Greeneltch 
&eRobinson , 1973): 

j5e conbinuous versus intermittent Suction (Deeren & 
Powaser, 1979); 

6. suctioning with continuous oxygen insufflation (Belling, 
Kkehly. & Simon, 19787 Berman & Stahl, 1968? -Bodai). 1982: 


Boba, Cincotti, Piazza, Landmesser, 1959; Fell & Cheney, 
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1971; Jung & Newman, 1982; Langrehr, Washburn & Guthrie, 
HSB ibe Powaser, Langrehr & Cambell, Nokes miUasbanon x. 
Weitzner, 1969). 

7. Suctioning with high frequency jet ventilation (Keszler, 
1980; Spoerel & Chan, 1976); 

8. oxygenation of the patient prior to suctioning (Adlkofer 
& Powaser, 1978; Boutros, 1970; Naigow & Powaser, 1977; 
Weitzner, King & Ikezeno, 1959). 

Based on the findings and recommendations of the above 
research, a suction procedure should include; (1) Increasing 
the FIO, several minutes prior to suctioning (100% O, is 
often suggested). (2) Using aseptic technique throughout 
the procedure (sterile gloves, mask and suction catheter). 
(3) Choosing a transparent suction catheter with multiple 
Side holes and an external diameter no more than half the 
internal diameter of the endotracheal tube. (4) Suctioning 
for fifteen seconds or less. (5) Avoidance of high negative 
pressures by using the minimum amount of Suction pressure 
that will clear the airway. (6) Hyperinflation of the lungs 
priors to tand/orafiter 'suctioningsver(7) Alvowing tthe patient 
to catch his breath between consecutive suction passes (bag 
Or reconnect patient to the ventilator). (8) Insertion of 
the catheter (with the side bore open) until resistance is 
met then withdrawing the catheter slightly before applying 
intermittent suction. (9) Suctioning no more often than is 
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Hyperinflation 

It 1S evident from the literature that hyperinflations 
are an important adjunct to the suction procedure. It has 
been shown that preoxygenation with an increased FIO, and 
lung hyperinflation will prevent or at least minimize the 
fall in PaO, associated with suctioning (Demers & Saklad, 
1973; Downes, Wilson & Goodson, 1961). Fell and Cheney 
(1971) studied patients with varying degrees of respiratory 
failure and found that hyperinflations with 100% oxygen for 
CneMminube tpriorttonsuction .jresuhktedcoinafomly US%eso0f xthe 
Subjects having a PaOz, less than 65 mm Hg immediately after 
suctioning Repeating the experiment without the 
hyperinflations and oxygen, 39% of the same subjects had a 
drop in PaO, below 65 mm Hg following the procedure. The 
procedure used to deliver hyperinflations was not described 
ishethisrest udys 

Skelley, Deeren and Powaser (1980) reported that eleven 
cardiac patients Suctioned without preoxygenation 
experienced a maximum fall in PaOz of 33 mm Hg (mean) thirty 
seconds post-suctioning. However, one Or three 
hyperinflations with 100% oxygen administered to these same 
patients before suctioning either minimized or totally 
prevented the short term fall in PaO,. A hyperinflation in 
this study was defined as 1.5 x VT. 

A study using two dogs revealed that three minutes of 
hyperinflations with 100% oxygen prior to suction did not 


make a significant difference regarding PaO, when compared 
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to three minutes of oxygen (100%) delivered via normal tidal 
volumes (Naigow & Powaser, 1977). Here hyperinflations were 
defined as 10 breaths/minute at volumes of 300 to 400 
ml/breath. The findings from a similar study indicated that 
three hyperinflations with room air before suctioning failed 
to prevent a sustained fall in PaO, (Woodburne & Powaser, 
1980). Int hthiis) Study. f theontermi ohypérinflationrowasunot 
operationally defined. | 

Brandstater and Muallen (1969) showed that a collapsed 
lung (due to suctioning) will remain collapsed unless’ high 
pressure) or volumessaresused forrinflation afterasuctionings 
Boutros (1970) studied twenty-two anesthetized patients with 
no pulmonary disease ands. found, ithattehyperinivations 
",..sustained for ten seconds immediately after suctioning" 
resulted in significantly smaller decreases in PaO, than 
when no hyperinflations were given. Again no clear 
definition of the hyperinflation procedure was provided. 

In the Naigow and Powaser study (with dogs as subjects) 
hyperintlations delivered ‘post-suctioning “(FIO2 + of 0721) 
restored PaO, values above the control levels quickly. When 
hyperinflations (FIO, of 1.0) were delivered throughout the 
Suction procedure a PaO2, significantly above the control 
values waS maintained. 

The literature reveals three main problem areas in 
evaluating the effects of hyperinflations on suction-induced 
hypoxemia. First, of the handful of studies done, only two 


have been conducted on intubated patients with respiratory 
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disorders. Second, many!.ofMethedstudies do not include a 
Gefinition of the term hyperinflation and those that do 
GiulbersiGin their interpretation and operationalization of 
this term. Third, the research to date has not separated 
the effect of oxygen from that of the hyperinflations that 
is, hyperinflations are often delivered with 100% oxygen. 
In short, the validity of "conventional" suction procedures 
incorporating hyperinflations has not been established. 

In this study it is hypothesized that hyperinflations, 
included in the Suction procedure, will minimize 
Suction-induced hypoxemia. More specific details of this 
hypothesis will be provided after the study procedure is 


presented. 
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III. Methods 


A. Design 
A two-way within subjects experimental design was used 
for this investigation. Each subject was tested on four 
separate occasions and on each occasion a different suction 
protocol was evaluated. In addition, during each protocol 
physiologic parameters were recorded several times for each 
Subject. Hence the two repeated factors in this study were 
Suction protocol and time. 
The sequence of the protocols tested was controlled 
through use of an incomplete counterbalancing technique. 
Incomplete counterbalancing derives its name from 
the fact that all possible sequences of treatment 
conditions are not enumerated. The criterion that 
incomplete counterbalancing must meet is that, for 
the sequences enumerated, each treatment condition 
must appear an equal number of times in each ordinal 
DCSiiwoOn:. Also each treatment condition must 
precede and be followed by every other condition an 
equal number of times. 
(Christenson, 1980, p. 138) 
Since there were four treatment conditions to be 
evaluated in this study the total number of subjects 
required would be some multiple of four. It was decided 
that a minimum of 24 subjectS were necessary to satisfy 
requirements for adequate statistical power. Table 1 


summarizes the sequence of suction protocols for the 24 


participants. 


ie. 


- _ 
— 
_ 
i 
t 


is 
- 
ne one 


ve 


ao 


sau «sew apiask- latnemiveqse, aaa 


sat2e7 268 + Sef cure. dpad at eo 


= 
7s 


*S , he Ag > 7OL86935 As 
ait, 


Yio his mt 


{+ 


rT 


1s 
c : 
tegto7 OWe 
i 
* . a .s 
wTy, ma » 
Sm. a ie. 
ie ot 
$5 te 
a 
5 Lt 
Phe 
a aan 
yk. Rit 
$ F & fi - 
A ‘ . DY 
nl ak ire 
ad STS 
: es 
eval 
- ~ ver 
e Si 
5 4 
at A ail 
4 sj ~ ~ if ar @#. 
i 
y =) 


20 


Table 1. Random assignment of Suction protocol sequences 


for the 24 study subjects 


Subject Number Protocol Sequence 
ips Fee Satde2 \toscal ounces; tracheostomy ).and.vernt i) stdq2p¥ 
2° 6 #096 4ua8 22 pee Neto Tees oie de co alee ied s ore Wace diy or er etsler Saou es ie2a a3 
Sa mio HOG? She ah ce. a tS SEE 2k. Cee Rese es hel Ba 
133 2og 6a 2 Or 24eecesure <i PR Pit: Sees... < esx sc 3 9s Miepere mmo? Alle a. 
B. Sample 


This study was conducted in the eleven bed Multi-System 
Foauduce* deCeUet atrjithe +Universatyinofysaéd berta Hospital 
(Edmonton, Alberta). The patients admitted to this unit 
were critically ill and their illnesses usually involved 
more than one body system. Nursing care waS given on a one 
tovroneimbasisanasicthe mmajorityarcof patients were on 
respirators. Data were collected over a nine week period 
betweensOv00n to, 24005hoursvandarnsubgects pwho mconsentedsuto 
participate were studied over a 12 to 24 hour period. 

The first 24 patients on the unit meeting the criteria 
for selection and agreeing to participate were chosen for 
the sample. All subjects selected for this study met the 
following criteria: 
jnudv6evearsnof agerornolders 
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Seayconsetoushandpini stable condatidonrenothactiveribieeding; 
no seizures, no hemodialysis, hemoglobin 2 10 gm/dl., 
blood pressure 2 100/60 mm Hg, 

un Bageaeched to a cardiac*™monitor, and also had ani carterial 
catheter, 

5. intubated (oral, nasal, tracheostomy) and ventilated by 
a volume control respirator, 

6inongan FAO2ZOSET0T6, vavTaose, 1,000 -emictand® posittiveplend 
expiratory pressure (PEEP) < 5cm H20, 


7. Suctioned on at least three prior occasions. 


C. Ethical Considerations 

Individuals meeting the selection criteria gave their 
wrattenluconsentv prior stow being: ancluded ein thecestudy 
(Appendix I). The purpose of the study was explained to 
each patient in the presence of a witness (usually the 
patient's nurse). The patients were shown the equipment 
(ear oximeter and tcPO, monitor) and given the opportunity 
to write down any questions. It was stressed that 
participation wasasvoluntaryivanderthatusethetepatient&ze could 
withdrawe fromenthecostudyrevath any viame: Only one of ane 
patients approached for consent chose not to participate. 

The procedure of the study assured protection of the 
Subject. Several blood samples (40 ml ) were drawn 
painlessly from the patient's arterial line during each 
study session. Suctioning was not to be done’ unnecessarily 


because of participation in this study. Data were collected 
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only when the patient's nurse deemed that suctioning was 


required. 


D. Procedure 


Assembling the Equipment 

The tcPO, electrode was heated to 44°C and then a 2 
point gas calibration was done. The electrode was applied 
to the patient's chest and readings were allowed to 
Stabitezetbeforemthe Sactual ustudyadcommenced. This atook 
about twenty minutes. The sensor location was changed every 
Ae cevhoursestonapreventatburningk andt ithe electrode was 
recalibrated at these times. The ear oximeter took about 
five minutes to warm up at which time the ear piece was 
calibrated and subsequently attached to the patient's ear. 
An elastic head band was used to keep the ear piece in 
proper position. 

All patients were put on Assist-Control ventilation 
mode and removed from PEEP one half hour prior to data 
collection. The Assist-Control mode guaranteed that each 
time the patient took a breath the ventilator would deliver 
as opre set (tidal: volume. Tidal volume and back up 
respiratory rates were individually set and no attempt at 
control was made during the present study. None of the 
patients in this study were receiving ventilator sighs. 
Subjects were removed from PEEP because it has been 


suggested that high levels of PEEP may serve the same 
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function as hyperinflation (Balsys, Jones, Man & Wells, 
1:9 800). 

In all cases a size 14 French Gentle-Flo catheter 
(American Hospital Supply) was used to do the suctioning. 
The external diameter of this catheter was 4mm. For 
patients with size 7 mm and 8 mm endotracheal tubes the 
ratio of the internal diameter of the tube to the external 
diameter of the catheter was 1.75:1 and 2:1 respectively. A 
Six foot length of transparent connecting tube (Argyle) was 
attached to the wall suction unit and the same suction gauge 
(Medigas) was used for each patient. The gauge was adjusted 
at every testing to attain a peak suction pressure of -180 
mm Hg after 5 seconds of occluding the connecting tube 
distalmto the gauge. «The: .scucita ony fliow rate aten misdagmiy hig 


was 25'liters/minute. 


Training of Assistants 

Once the equipment was prepared, assistantS were 
trained to help in data collection. There were two staff 
members involved in each data collection session. One was 
responsible for suctioning the patient while the other 
recorded the various physiologic parameters (heart rate, 
transcutaneous partial pressure of oxygen (tcPO,) and Sa0,; 
from «the ears oximeter). The researcher drew the ABGs, 
changed ventilator settings (VT, FIO,) and supervised the 


whole procedure. 
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Available qualified 1.C.U. staff members were selected 
to do the suctioning (nurses, respiratory technologists and 
physiotherapists). Note that due to the critical care 
setting the same staff members were often not able to 
participate in all data collection sessions for a particular 
patient. Prior to each testing the researcher reviewed the 
Suction technique to be employed with the assistants. They 
were instructed to insert the catheter until resistance was 
met and then draw back one inch before applying continuous 
Suction.The catheter was to be rotated through 360° while 
withdrawing. 

The instructions for each suction protocol were put on 
Separate magnetic cassettes. Each phase of the procedure 
was timed and verbal countdowns on the tapes indicated when 
an action was to commence and finish. The same portable 
tape recorder was used at every testing. The use of tape 
recordings ensured that suction was consistently applied and 
that the patients were off the ventilator for the same 
length of time during each protocol: 

The instructions heard on the tape recording were 
explained to both assistants prior to each data collection 
session. The staff person responsible for recording the 
variouS parameters wasS instructed to copy the appropriate 
data each time a blood gas sample was drawn. Direct 
Supervision of the recorder and the suctioner during data 


collection was done by the researcher. 


$s 


be2oslse gaa. 
bas etatpolondoss 
‘evR0 isotziztp sa2 ot > 
o4, olds 7on Negic  stee 
qalvsctd3aq 8.302 erotesee aatiod 
ed’ heuatead Jota 3eREST adt oti taeda 
‘ae aes ret 
vat?  etnetatase ef9 Gas bsyolgns + bs 
ew iedeiee: Llany teaaives ay ileeliae 
nos earviqgs esoted * SES sows vente 


re 136 doverd4e? begerer 66-09 sei 


7g fOiious tae te? exolsout 
, 283 J3STH9 shtenead= 
“ci 7 hd 2 Iw? AFDD indserv ng bei 

ral on 


i fainil re oT Sie 2 od 


ic w@tew Sane dag ie 
~o1 eafwe amid 40) 
Ja 
4 °c. Sieen scol¢utefenz 


iwub wenoltoue sas can Jenene) er? 4 


‘cece? ads yd. sench eae mods 


(Ze 


Protocols 


Four suction protocols were evaluated in this study. 
Protocol I, based on the University of Alberta Hospital's 
procedure for suctioning included: (1) increasing the FIO, 
bya0, 2epriortto UsSuctionings*- (2)<rusingsosteridel.technique 
(sterile gloves, mask and catheter), (3) applying continuous 
Suction while withdrawing the catheter, and (4) returning 
the patient to the ventilator after the catheter was 
withdrawn. 

A time limit ae put on each phase of the suction 
procedure. The FIO, was increased by 0.2 fourteen minutes 
before baseline measurements were made allowing the blood 
gases to equilibrate at the new oxygen concentration before 
testing began. Iniea studypeondictedson, S2Hersticaldyiadd 
Bataenés! lutrewasfatounde thatyePaOerimeached e95ticct its 
equilibrium value two minutes after the FIO, was changed 
(Tremper & Shoemaker, 1981). 

Seven seconds were allotted for disconnecting the 
patient from the ventilator and inserting the catheter. 
EContinuousesksuctionbhiwaS capplied forgudunseconds andethenys 
seconds were allowed for reconnecting the patient to the 
ventilator. In all, the patient was off the ventilator for 
15pe seconds({aAbuthoonlye suctioned oforapéive. During each 
protocol the patient was suctioned three times and 30 
seconds of mechanical ventilation was provided between the 


three suction passes. 
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Prior to setting these time limits several different 
I.C.U. nurseS were timed, unbeknown to them, as they 
Suctioned patients. The timing for each phase of the 
Suction procedure therefore reflects the current suction 
practice im thei University of AlbertajHospital's 1I.CsU. 

Patients were not instilled (injection of saline into 
the endotracheal tube) during suctioning nor was chest 
physiotherapy given within one half hour before testing as 
both of these activities could influence arterial 
oxygenation (Connors, Hammon, Martin & Rogers, 1980). 
During each testing patients were Supine with their heads 
midline. 

Protocols II, III and IV were identical to Protocol I 
except for the addition of hyperinflations. Hyperinflations 
were delivered for one minute prior to suctioning in 
Prococot Ih ana for one minute after suctionnngean sProtocol 
III. Protocol IV incorporated one minute of hyperinflations 
prionjstovand one yminpte of Chyperinflations afters suctioning 
as well as 30 seconds of hyperinflations between the three 
Suction passes. Table 2 contains a summary of the _ four 
Suction protocols. 

In order to establish that changes made in ventilator 
settings (during the suction protocols) were actually 
executed properly two standard pieces of 1.C.U. equipment 
were utilized. An Instrumentation Laboratories-O,z Monitor 


A0& was attached@torall the ventidators used. 
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This monitor verified that the FIO, was increased by 0.2 
fifteen minutes prior to each suction protocol and that it 
remained at the proper level throughout the suction 
procedure. A Bournes Adult Ventilation Monitor LS-80 was 
used to measure the patient's expired VT. This confirmed 
that hyperinflations were delivered and provided a measure 
of the actual degree of hyperinflation. 

In this study a hyperinflation was defined as 
mechanical ventilation (via a volume ventilator) at 1.5 
times the ventilator setting for tidal volume. ify the 
patient was receiving a VT of 1,000 ml then a hyperinflation 
would be a 1,500 ml breath delivered by a volume control 
ventilator. this method was preferred over manual 
hyperinflations because of the consistency of reproducing 


the hyperinflation tidal volume delivered to the patient. 


Time 

At specific times during each protocol testing, data on 
the dependent variables were recorded (Table 3). Ror ave 
protocols data were collected before the FIO2z was increased 
(preabaseline) jiafter fourteen minutes of an ancreasedy FIO, 
(baseline), “and 0 “sec.3, 60° sec., 120¢sec..4 180 Sec. safter 
the third suction pass. Protocols II and IV included one 
additional time interval, that 1s, measures were taken after 


one minute of hyperinflations prior to the first suction 


pass (post-baseline). 
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ndent Variables 
It was not clear what dependent measures would be 
itive to Protocol variations therefore a decision was 
to use several measures of hypoxemia. The dependent 


ables included PaO-z, calclated Sa0,z, ear oximeter Sa0z2, 


tcPO2z, and heart rate. 


i 


PaO2z, the partial pressure of oxygen in arterial blood, 
was recorded by machine shal ysis of arterial blood 
Samples using a Corning 178/pH Blood Gas Analyzer. 
Arterial blood was taken from the patient's arterial 
catheter into heparinized plastic syringes. One ml was 
withdrawn from the catheter and discarded prior to _ the 
0.5 ml sample. Once drawn, a needle was placed on the 
Syringe and the needle was sealed with a rubber stopper. 
The syringe was subsequently placed on ice and taken to 
the Blood Gas Laboratory for analysis within one hour of 
Sampling. 

SaO, (calculated), the percentage of oxygen bound to 
hemoglobin in arterial blood, was calculated from _ the 
measured PaO, and pH of arterial blood samples using a 
Corning 178/pH Blood Gas Analyzer. 

Bar Oximeter SaOz,, the percentage of Oz bound to 
hemoglobin in ear capillary blood, was measured by a 
Hewlett-Packard Ear Oximeter (Model 47201A). This 
measure was obtained by clipping the ear piece of the 
oximeter to the pinna of the patient's ear. Light from 


the ear piece was passed through the ear via fiber optic 
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bundles and the oximeter, by comparing the relative 
absorbance of light at several wavelengths, calculated 
EnegnoaOverotsethelQear “caprllary blood (Kim, Zolandz& 
Lerner, 1978). 

TcPO2, an indirect estimate of PaO,, was recorded by a 
Novametrix tcPO>, Monitor uSing a heated surface 
electrode (44 °C) secured to the patient's upper right 
chest below the clavicle. The hyperthermia results in: 
(1) changes in the structure of the stratum corneum 
whichy uisrhthought#: to addowy, Ojetor difftsendaster,- (29 7a 
shift in the oxyhemoglobin dissociation curve (3) “local 
vasodilatation of dermal capillaries which increases the 
Capiidary “bloodiiidiow sos thatacutaneous capillarys blood 
O2 is similar to PaO, (Tremper & Shoemaker, 1979). 

Heart rate wasS recorded by a Hewlett-Packard bedside 
cardiac monitor (Model 78342A/78203A) which displayed 


the mean apical rate and the electrocardiogram. 


Research Hypotheses 


Without “regard ~for Time,) \PuotocoWe ly wilh resultein 
Slgmiiicantly, qreaberPaG, hand caO>™ inal, PrOLOocOls gh, it 
anaaiils 

Without regard For. “Protocol sthereswiiiebevsrvqniticant 
fluctuations in PaO2z, SaOz and heart rate over Time. 
There will be a significant interaction between Time and 


Protocol regarding PaOz, SaOz and heart rate. 
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4. There will be a significaht®increase in PaO, over all 
four protocols from pre-baseline to baseline as a result 
of the increased FIO2. 

5. 8There will» be a significant increase..in sPaO, from 
baseline to post-baseline in Protocols II and IV as a 
result of one minute of hyperinflations. 

C2 InweachsOf whe» four suction »protocols: PaO, «will “be 
highly correlated with tcPO2 over time. 

i. p Limeeachayorpechestiour Ysuct#vond protocolsmSaG@s weld be 


highly correlated with ear oximeter readings over time. 


F. Data Analysis 

To asses hypotheses one through five, the data were 
analyzed by 2-way ANOVAS with repeated meaSures. Hypotheses 
Six and seven were addressed uSing Pearson's product-moment 
correlation coefficients (r). The level of significance for 


all statisical tests was set a priori at ps.1. 
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IV. Results 
The results presented in this chapter are divided into 
five sections. Sample characteristics are presented in the 
first section and the outcome measures (PaO,z, Sa0z, heart 
rate, tcPOz, and ear oximeter Sa0,) are presented in the 


following, four sections. 


A. Sample Characteristics 

The study “poputatron™*%consrsted "of 195 males: and 5 
females ranging in age from 18 to 87 years (mean=54, 
S.D.=20). Table 4 contains a summary of selected sample 
characteristics including; type of ventilator, tidal volume 
(VT), backup respiratory frequency, mode of ventilation, 
FIO;, size of endotracheal tube (ETT), level of PEEP, and 


diagnosis. 


B. Partial Pressure of Arterial Oxygen 

An increasedsFFO>. at thes beginning, .ofj .éach suction 
protocol: resulted in a significant in@eeasee Go-0'.000') in 
Pao, timom = -pre-baseline 88.027) 2) 23784(S3D. je) to. baseline 
130.09 - 43.44(S.D.). One minute of hyperinflations given 
DRlOn tORLiem first —SsucEnOnN pass, “(Protocolo w eas -ands iV} 
resulted) *in® "a = tsi gnitficant™ kpncreasex (p=0 3005) in PaOs from 
baseline) 137.71 2 43.91(S.D.)- to postabaselines es z02 i+ 
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With PaO, as the dependent measure, a two-way ANOVA 
determined that there were significant main effects, as 
hypothesized, for Protocol and Time as well as a significant 
Provocol=!x slime sinteraction “hables 5 ‘and 6). Pre-baseline 


and post-baseline PaO, values were not included in this 


analysis. 


Tablel 5. Summary table: Repeated measures 
2-way ANOVA for PaO; 


Source Sum of Degrees of Mean F Prob= 
Squares Freedom Square Ratio ability 
Protocol 
Main Effect 10084.50 3 36.670 Te seo O20 6 
Error 70538°.00 69 LOZe E29 
Time 
Main Effect 35 2606-50 4 Sea Sie seal? 0.001 
Error Si Zook 22 404.98 
Time,x. Protocol 1888.50 2 152230862402 O2023 
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Table 6. Cell means and standard deviations 
for PaO,(mm Hg), time x protocol (n=24) 


TIME 
Baseviine, 0 Secsie 60) sec AUIZ0 secen 180cisec. Row 
Mean Mean Mean Mean Mean Mean 


PROTOCOL «CSiAD 3) (SDs) ETeS ae) GSD 3) cS ne) (Ss. Dt.) 


I USS. 0 Mhoe 257) 2S Pi6%.5 Camaro oO Aleve ibs. 


C2 GAP ONGES513 So ntGucSe Puen <22)paltarexO 25) (45.38) 


PL TOS) Salen Re OSs OOO HELO ChON ES Wivsre 10S 1305-88 


(Aaessne (44519) (449402) (e535) CAG 36) (44,73) 


Tiel VSeia ol ie 4s ee Or. 0 136. 08ers 50 ISi2eo2 


(25796) (21.63) (43. OU nh 4202 ee (43.59) 


IV a0 23 T255536 plage su 147.42 -148.79 141.96 


(65585) VES 89) 42505) ence OD © a 0e) Ge) (41.85) 


(somrira(23.44). (42,.76)s(40526)"~ (44722) 44.4) (43.89) 
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Since the main effects for Time and Protocol were 
Significant, post-hoc Tukey tests (Ferguson, 1981) were 
conducted for each of the variables to compare pairwise 
differences. Protocol IV PaO, was significantly higher than 
the other protocols (Table 7). Aten. sec. “the- Pace?” “was 


Significantly lower than the other time intervals (Table 8). 


fable}. Significant post-hoc Tukey comparisons of 
row mean PaO2 values for protocol 


Comparison q Ratio (df) Probability 
BECCOCO. nvSe hy, 10.81 (4,69) 0.05 

LAB SCV ee 08 (4,69) 0.05 

Dies o hy, 9.64 (4,69) 0.10 
Table 8. Significant post-hoc Tukey comparisons of 


column mean PaO, values for time 


Comparison q Ratio (df) Probability 


Time Baseline vs 0 sec. 18.48 (5,92) 0.05 
0 sec. vs 60™see: 17.65 (5,92) 0.05 
O iSecinevisingc0 secs 21.86 C5392) 0.05 


(p1sece. VS 0100) SeEC.n 24.5) (5,92) GSO: 
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The, 4ibnotocoL..x,, Time interaction is illustrated ian 
Figune..2..-The PaQ,. values -Lor ithe,-fourn protocols .were not 


Significantly different at baseline(one-way ANOVA). At 


‘S 


and 60 sec., however, Protocol IV PaOz increased thus 
accounting for the significant interaction. In addition, 
Protocols I through III had very similar PaO, across time 
except at 60 sec., when PaO, for Protocol III increased. 
This increase was also responsible, in _ part, for a 


Significant Protocol x Time interaction. 
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Figure 2. Protocol x time interaction for PaO, 
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C. Saturation of Oxygen 

The repeated measures 2-way ANOVA for SaO2z yielded the 
hypothesized Significant main effect for Time and a 
Ssugniticant Time x Protocol anveraction (Tables 9 and 10). 
The hypothesized main effect for Protocol however was not 
Supported. Pre-baseline and post-baseline SaO2 values were 
not included in this analysis. Since the main effect for 
Time Was Signaticants, post—hocts Tukey comparisons were 
conducted. The SaOz at 0 sec. was Significantly lower than 


ature PlwOther time intervals (fable. 11). 


Taber 97 Summary table: Repeated measures 
2-way ANOVA for Sa0O, 


Source Sum of Degrees of Mean F PrODS 
Squares Freedom Square Ratio ability 


Protocol 38h D0 3 161,.40.0 49 Oni2 26 


Error S51 00 69 ae Oe 
Time 1 SR-50 4 29.163 t4915 O0%-002 
Error 194.00 92 AG 
Interaction 15500 122 heZ5 197 ORO 277 
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Table wo. Cell means and standard deviations 
for Sa0,(%), timex) protoco! (n=24) 


TIME 
Basel+ne--0—sec--—-60-see+-—-120+sec-.—16.0--see Row 
Mean Mean Mean Mean Mean Mean 


PROTOCOL (S.D.) EST) een D.ee CSe Dt) CGD) mes Lk) 


I 98.46 hows Vey 97542 Wie 9O..03 Se I: 


Ru A aa ee OR) Bares 


Tt nei OMe 96.54 ST) 98.04 OOcnler SMe TES, 


(2.41) CS ec aey) (2.68) i235) s wien one 


Lil Cee © She Sho Se eNs AGie 2a SO es Uae 


(207) Wer Saeco.) C2551) eZraaneCZeoG) 


IV 98.46 Slee GOmo0 SB a2 96%. 63 98.34 


ieoos C22 Sop Meio zy) (a0) Swe rene), 


Column Gone 96.92 97.90 98.08 98.28 SW eisite! 
Mean 
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Tapes ak, Significant post-hoc Tukey comparisons 
of SaO2, across time 


Comparison q Ratio (df) Probability 
Time Baseline vs @ sec.) 1730 (5,96) 0.05 

O sec. vs 60 sec. 98 (5,96) 0.05 

OeSeC wey 8170) SEC .em ale he (5,96) 0.05 

Oe see .vSeiol’sec.e Iso (5,96) 0.05 


The Protocol x Time interaction for SaO, is illustrated 
in’ Figune™ 3... At Obandmo0 vsec.. ‘thevSa0> during «Protocol LV 
increased thus accounting for the’ “‘siranificant |interaction, 
In adda avon, Protocols: I through) Mil had very similar -Sa0-, 
across time except at baseline and 60 sec. mhewsSaO stn or 
Protocol I was higher at baseline and lower at 60 Sec. 
compared to Protocols II and III. The decrease in mean Sa0,2 
at 60 sec. for Protocol I was likely also responsible for 


the significant Protocol x Time interaction. 
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D. Heart Rate 

Results from the analysis of heart rate” revealed no 
SiON PEVeantseProtocol ¥eéffect “and tino + e*inteéraction Peettece. 
There was however, a significant Time effect (p=0.001). 
Table 12 contains the mean heart rates across Time. 
Post-hoc Tukey comparisons revealed that heart rate at 0 
sec. was Significantly higher than at all other times. Also 
baseline heart rate was significantly lower than heart rate 


auve0 66sec iCTable Tis)! 


Table Ot2% Mean heart rate -(beats/min.) ‘over time 
Baseline 0 sec. 60 Sec. 120 sec. 180 sec. 

Mean Mean Mean Mean Mean 

(SEDs) CS) GSD ay) (S.D.) (Sep) 

94.21 101.44 98.01 95.39 94.85 


G20 SU) eee Go, 90), ASO) me RC eas) aa 208 23: ) 


Table 13% Significant post-hoc Tukey comparisons of 
column mean heart rate values for time 


Comparison qeRawio. (df) Probability 


Time Baseline vs 0 sec, USO (5,96) 0205 
Baseline vs 60 sec. 3.80 (5,96) 0205 
QO sec. vs 60 sec. Sea (5,96) 0.05 
0 sec. vs 120 sec. 6.05 (5,96) 0.05 


O0'Sec. ve 180 4sec. 6:58) (5.96) 0.05 
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E. Transcutaneuos Pressure of Oxygen and Ear Oximetry 

Owing to the malfunctioning of the tcPO2 monitor during 
the study tcPOz data was not available on two patients. 
Some data were also missing from another patient because 
readings from the ear oximeter would not stabilize possibly 
due to a large amount of ear cartiledge. All other data 
were collected from these three patients. 

Pearson product moment correlations were determined for 
PaO, and tcPO, (Table 14) and also for SaOz and ear oximeter 
readings (Table 15). This analysis was done across Time, 
one, forveach of the» four protocols, sand the-results, support 
the hypothesis that both sets of correlations would be high. 

The correlations between PaOz and tcPO, for baseline 
through, *180esec. ranged.from .666 to .870 withthe majority 
arounae 7c), Pre-baseline correlations between PaO, and 
tcPO, were somewhat lower ranging from -.089 to .647. The 
mean correlation (excluding pre-baselinevalues) between PaO, 
anavecPOs was ..70. (p=, 000). 

The correlations between SaO,z and ear oximeter readings 
for ~pre=baseline sthrougi80itsec. ranged from .684 to .908 
with the majority of correlations around 84, The 
pre-baseline correlation for protocol I was .420. Excluding 
this low value the mean correlation between oximeter Sa0, 


and blood SaO, was .79 (p=.000). 
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Table 14. Correlations between tcPO2z and PaO, 
over .time for each protocol* 


TIME 

Pre- Post- 0 60 420 180 

PROTOCOL N Baseline Baseline Baseline sec. sec. sec. sec. 
I 21 S069 ~824 n/a steel chistes Ga) eisai: 

p=.351 

II OP, 647 .834 .807 SOMES By ThE) Sie) (eee. TASKS 
eien 22 576 sOo29 n/a IO. PIE CNER SERS OA 

Ve ae -646 Mehen S Alsts) | SOC6. ws 43 LOG aoe 


* ps.002 unless otherwise noted 
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PROTOCOL 


EOr 
* p=.0 


a 
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Correlations between Sa0O, and ear oximeter 
readings over time for each protocol 


Pre= 


Baseline Baseline 


420 
p=.023 
~724 
“06 
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ll protocols n=22 
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2000 
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Baseline sec. 
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V. Discussion, Recommendations and Conclusion 
bierthisbysectionunthéesanestibtsesot pthéatistudyawilimbe 
duscussedgandctimplicationseriore® nursungrtpracticeicwild fbe 
outlined. Recommendations for future research will conclude 


this chapter. 


A. Discussion of Results 
The post-hoc Tukey tests revealed that there were no 
Significant differences between Protocols I, II, and III for 


PaO,. It made no difference, with respect to the Protocol 


effect, whether hyperinflations were delivered prior to 
SsuGETOninge O)b)scocatter suctioning CEI Wp or omitted 
altogether (I). The significant main effect can therefore 


be attributed to Protocol IV which included the 
administration of hyperinflations before, between and after 
suctioning. 

Physiologically, the administration of hyperinflations 
prior to suctioning may increase the lung volume, stabilize 
alveoli and redistribute surfactant thereby causing an 
increase in PaOz. In comparing baseline with post-baseline 
PaO, in Protocols II and IV a significant increase in PaO; 
was noted (due to one minute of hyperinflations prior to 
suctioning). However;s this «effects swasecshort? livedesas 
evidenced by the lack of a difference in PaO2 after 
Suctioning (0 sec.) between Protocols I (no hyperinflations) 


awncelt (hyperintlarvonsuaprior seOssuctioning ). 
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The value of hyperinflations delivered after suctioning 
is supported by the significant increase in PaO, at 60 sec. 
PousPretocol PRD., This increasésrs imporntamt clinicall yet or 
1PY atiopatient 60is hypoxic, delivery of post-suction 
hyperinflations may aid in the recovery of PaO, to the 
pre-suction level. Hyperinflations given after suctioning 
may increase PaO, by reinflating collapsed alveoli and 
increasing the lung volume. A single hyperinflation session 
post-Suctioning (Protocol III) was not enough however to 
raise PaO, to the same level as Protocol IV. 

Overall, Protocol IV PaO, values were higher than the 
other three protocols indicating that suctioning places the 
patient at less risk if this procedure is followed. The 
delivery of hyperinflations throughout the suction procedure 
appears to be the cause of the significantly higher PaO, for 
Protocol eiv? 

A comparison of PaO2 between Protocols II and IV at 0 
sec. seems to indicate that the higher post-suction PaO2z in 
Protocol IV 2s accounted HOt by the delivery of 
hyperinflations between each Suctioning rather than 
hyperinflations given prior to suctionings (II). 

Physiologically, hyperinflations between each 
Suctioning may serve to keep the alveoli open and re-expand 
the lungs to their pre-suction volume thereby preventing a 
cumulative suction effect and minimizing the decrease in 
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Uniakew PaO.s othere! wasthnot Protocol “veffect sifori Sa0s,. 
This may be due to the fact that SaO, is a less sensitive 
measure than PaO2z, that 1S, as PaO2z decreases from 100 mm Hg 
(or more) to 60 mm Hg there will be very little concomitant 
ehange® inPiSa0,..MHowever,) the’ sagnifticant®i Time nk ‘Protocol 
interaction for Sa0O, (which was very similar in pattern to 
the PaO2 interaction) Supports the importance of 
hyperinflations in the suction procedure. 

A comparison of Protocols I and II at 0 sec. revealed 
once again that hyperinflations given before suctioning (II) 
had no effect in minimizing the fall in SaO, post-Suction. 
Thesihaghert »Sa0;Pevaluet for) Protocol IVeate0 sechimay ibe 
attributed to the administration of hyperinflations between 
the three suction passes. The increase in SaO,2 at 60 sec. 
for Protocol IV may be accounted for by the administration 
of post-suction hyperinflations. 

Thesisimigar. risetinaSa0;. at! 60eseckel for: = Protocolsi#u 
andeniVishisndathicult to explain inwterms sof hyperintiations 
as thes Pa0:;2 fore Protocols:.d IfigwasiehigherveS thanre thats’. of 
Protocol II at this time. Perhaps the explanation is that 
Sao-Ctor Protocole! atc 60hsec. did notervseras- much?! as 'ithe 
others, that 18S, the recovery from suctioning was delayed 
due to the absence of hyperinflations. 

The literature on endotracheal suction indicates that 
thesfalleanePaOshtande.«SaO2 post-suctioning © is. due-/to a 
combination of factors, namely; (1) the removal of oxygen 


from the lungs and the resulting decrease in lung volume, 
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G2eveheriibow ofjcroom air inte the Mungs-iiduring, suctioning, 
(3) respiratory reflexes (tracheobronchoconstriction), and 
(4) atelectasis caused by large negative airway pressure. 

Urban and Weitzner (1969) documented a mean 35 mm Hg 
fall in PaOz immediately after suctioning and Skelley, 
Deeren and Powaser (1980) reported a mean 33 mm Hg fall in 
PaO, thirty seconds after suctioning. Ther <dvoep. qun-| Pad, 
immediately after suction (0 sec.) in this study was a mean 
os tS.2oamm, Hoe 

Perhaps the following procedural differences account 
for the larger drop in PaO, reported in the aforementioned 
studies; (1) Patients in these studies were not 
preoxygenated with an increased FIO, therefore the fall in 
PaO, would be greater than in the current study. (2) These 
researchers applied continuous Suction for fifteen seconds 
as opposed to the three, five second suctionings (with 
thirty seconds of ventilation between each suctioning) used 
my tedri's*tstad yy 


AS with PaO, there was a significant drop in SaOz, at 0 


sec. due to suctioning. This would be expected in view of 
thendrop rim mePaOwriccourring ~ ath isthiis: netime:. Heart rate 
however, increased Significantly immediately after 


suctioning (0 sec.). This may also be explained in, terms: of 
the body's ‘response to a decrease in PaOz, that is, the 
release of epinephrine. 

In conducting) thasiistudy tite wasimumpontantebo rcontrol 


for the effects of oxygen. They hundangss.wndicateicthat 
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increasing the FIO, by ORY pritor ae) Sue Onind 
(pre-baseline) resulted in a significant increase in PaO2 at 
baseline. Such an increase was likely beneficial to the 
patients as ae may have maintained a higher PaO, 
post-suctioning. 

The increase in PaO, associated with the 0.2 increase 
in FIO, will fluctuate however, depending on the patient's 
respiratory status. A patient with healthy lungs on an FIO, 
of 0.3 will likely have a greater increase in PaOz when’ the 
PilhOso (is Siraaised by '10 .12. ithansotanother oa whiop i Stim 
nespiratonyyfarlure andrornwan FIO, of 0.8. 

In this study patients were given fourteen minutes of 
increased FIO, at the beginning of each suction protocol. 
iit2® nis’ Pinotve- known aiwhether = aviwshorter. sor Monger periodrot 
preoxgenation would have produced a Similar baseline 
increase in Pa0O;. In a study by Tremper and Schoemaker 
(1981) PaO, reached 95% of its equilibrium value two minutes 
after the FIO, was changed. This data suggest that a 
shorter period of preoxygenation may have been sufficient. 

Finally, the correlation between PaO, and tcPO; 
(Novametrix monitor) was .79. This finding is consistent 
with’ Pighemicomuelatronv Of eo mceponuedbyshatiiemty wSchacter 
and Barash (1980). The correlation between calculated Sa0O, 
aries fF earMosmeternnsal wcHewlettorackand): was also, < 79.eiahis 
finding is much lower than the .97 reported by Saunders, 
Powles, and Rebuck (1976). The major advantage of these 


monitors 1S that they provide a noninvasive, continuous 
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means of monitoring arterial oxygenation in acutely ill. 
patients. Use of these devices in 1.C.U. may decrease the 
number of blood gas samples necessary for routine clinical 
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B. Nursing Implications 

The results of this study clearly demonstrate that 
hyperinflations delivered throughout the suction procedure 
minimizgeds thes@ytadd. eandwPaOs: assocwated with) suctioning. 
Based on these findings it 1S recommended that routine ICU 
Suction procedures executed on ventilated patients (VT < 
15 00 0ml-C not PEEP, mon Assist-Control mode) be modified to 
include the administration of hyperinflations after 
Suctioning as well as between each suction pass. tnt Stehats 
Study hyperinflations prior to sSuctioning were not shown to 
be of value with respect to minimizing the fall in PaO, or 
SaO2z post-Ssuctioning. 

The findings of this study support the current practice 
of increasing the FIO, several minutes prior to suctioning 
as this appears to protect the patient from a disastrously 
low PaO2 post-Suction. 

The following recommendations regarding time were not 
investigated in this study but emerge from the author's 
experience with the suction procedure. First, patients 
should be given time to recover from each suctioning. In 
this studystharty seconds of mechanical ventilation’ was 


provided between the three suction passes. To the nurse at 
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the bedside this pause may seem interminable, however, this 
would appear to be a reasonable time to wait. Second, the 
PengehchotiGitame the paitent 1s off the ventilator, the 
duration of actual suction and the number of suction passes 
Should be kept to a minimum as these factors would appear to 


affect the change in PaO, associated with suctioning. 


C. Recommendations for Further Study 
This Studyewasrconducted: (1) ~on a small sample of 
acutely ill ventilated adults, with varying illnesses, who 

MeL? CePta INMer iter Tavis OG F 58 011695 VIS. Wy O00dml hy nos PERRI won 

Assist-Control mode), and (2) uSing suction protocols which 

included 14 minutes of preoxygenation and excluded 

instillations. These limitations prompt the following 
recommendations for future research. 

1. This “study should be conducted in vartousvcritical care 
settings to establish the validity of the findings. 

2. Controlheds-clintcal, ‘studrvese sshould- bev conducted) to 
compare the effects of endotracheal Suction and 
hyperinflation under the Eollowing conditions: 

a. different ventilatory modes (assist-control versus 
intermittent mandatory ventilation), 

b. varying levels of PEEP, 

c. varying lengths of preoxygenation, 

ds incorporating an instillation into ‘the procedure, 
and 
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embolus verus pneumonia. 


D. Conclusions 


Suctioning is necesSary to clear secretions and 
maintain airway patency in intubated patients. The removal 
of oxygen from the tracheobronchial tree during suctioning 
leads to alveolar hypoxia and hypoxemia post-Ssuctioning and 
an extended period of hypoxemia places the patient at risk 
for fatal cardiac arrhythmias. 

In this study preoxygenation for 14 minutes with an 
increased FIO, and hyperinflations delivered by a volume 
ventilator before, between, and after suctioning minimized 
the decrease in PaO>z associated with endotracheal 


Suctioning. 
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Research Consent Form 


EDUSes. LO,CeLeLty -thated 
(relation to patient if relative signing), have given 


consent for ——————_—_——_——————_ to participate ina 
research project being conducted by Susan MacKinnon-Kesler, 
a registered nurse, in the intensive care unit (ICU). I 


understand that Susan MacKinnon-Kesler: (1) is investigating 
four common suctioning routines to establish which one is 
most beneficial to the patient and (2) has secured 
DEtMUSs? On sr rOmeDG wn ab.G. “hang, abparectuor of LeU, torconduct 
this study. @lvalso understand that: 


a. The suctioning routines to be investigated differ in 
only one respect from the usual ICU procedure. The 
difference is that participants will receive some 
"bigger breaths" from their ventilator before, 
Guring and/or after suctioning. 

Digg ne puUsSemcr SAbrgqgerebreaths’ (2s, common practice win 
intensive care units and does not cause pain or 
expose the participant to undue risks. 

c. Participants will be studied during four suctionings 
in a 24 hour period and each time a different 
Suctioning routine will be used. 

d. Participants will have about three tablespoons of 
blood taken from their arterial line during the 
Study period. This is a painless way to draw blood. 

e. Participants will have two oxygen monitors attached 
to them during each of the four study sSuctionings. 
These monitors will cause no discomfort to the 
participant aS one monitor will be clipped onto the 
ear lobe, like an earring, and the other - a small 
round adhesive pad - will be attached to the chest. 

f. The names of the study participants will be kept 
confidential and will not appear in any research 
PeEDORL.. 

g. Participants will be free to withdraw from the study 
at any time with no consequences. 

h. Participants may not directly benefit from 
Panurcipacingulneithnuseproject. 


Signature Investigator Date 
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